At present, the presumptive identification of groups A, B, and D streptococci may be accomplished by a variety of tests (5) (6) (7) . No presumptive test procedures, however, reliably differentiate groups F and G beta-hemolytic streptococci (3) . Although it is generally stated that group C beta-hemolytic streptococci cannot be presumptively identified (3) , this group of streptococci has been reported to be specifically agglutinated with a lectin derived from the seeds of the Dolichos biflorus plant (7, 11) .
In 1975, Maddocks and Greenan (14) reported the use of 4-methylumbelliferyl-conjugated substrates for the rapid detection of bacterial enzymes. This procedure is based on the generation of fluorescence when free 4-methylumbelliferone is released by enzyme hydrolysis of the substrates (2) . Since that report, various 4-methylumbelliferyl-conjugated substrates have been used for the rapid detection of enzyme activities of a variety of microorganisms (1, 2, 9, 14, 15) . Accordingly, it seemed of significance to investigate the usefulness of 4-methylumbelliferyl substrates for the rapid identification of beta-hemolytic streptococci isolated from throat cultures.
This report describes a simple, specific, and relatively rapid method that employs three 4-methylumbelliferyl-conjugated substrates and the lectin of D. biflorus for the non-serological identification of groups A, B, C, F, and G betahemolytic streptococci from primary throat cultures.
MATERIALS AND METHODS Bacterial strains. A total of 180 isolates of betahemolytic streptococci representing groups A, B, C, F, and G streptococci from throat cultures were derived from clinical specimens and stock cultures (Table 1). Stock cultures of serogrouped beta-hemolytic streptococci were maintained in tryptic soy broth (Scott Laboratories, Fiskeville, R.I.) containing 15% (vol/vol) glycerol at -70°C (20) . Clinical specimens, received on transport swabs (Culturette; Marion Scientific Corp., Kansas City, Mo.), and the stock cultures were streaked on tryptic soy sheep blood agar plates (Scott Laboratories) to obtain isolated organisms. The plates were incubated at 35C under anaerobic conditions in type A Bio-Bags with a catalyst and anaerobic generator (Marion Scientific Corp.) for 12 to 18 h. Gram staining and the catalase test were performed on all beta-hemolytic colonies to presumptively identify them as beta-hemolytic streptococci.
Isolated colonies of beta-hemolytic streptococci from each clinical primary plate and from stock cultures were serogrouped with the Phadebact streptococcus test reagents (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) for groups A, B, C, and G streptococci by the micronitrous acid extraction method (20) . We identified group F beta-hemolytic streptococci with extracts prepared by the autoclave extraction method (18) Titration of D. biflorus lectin. The lectin of D. biflorus (Sigma Chemical Co.) was prepared in FA buffered saline (Difco Laboratories, Detroit, Mich.) (pH 7.2) to a concentration of 1 mg/ml. For group C streptococcal titrations, one drop of each twofold dilution of the lectin was placed on a microscope slide. One drop of a 1% suspension of group C streptococci prepared in FA buffer (Difco) was then added to each dilution of lectin. The slides were rotated by hand for 1 min and examined for an agglutination response. The highest dilution of lectin that gave a 4+ agglutination reaction with group C streptococci was employed as the working concentration for a slide agglutination test on unknown beta-hemolytic streptococcal isolates.
Agglutination test procedure with D. biflorus lectin.
Five or more colonies to be tested were removed with a wooden applicator stick and mixed with each of two drops of FA buffer placed on a microscope slide. One drop of the working solution of D. biflorus lectin was added to one bacterial suspension, and a drop of FA buffer was added to a second bacterial suspension as a control. The slides were then rotated by hand for 1 min to mix the two reactants. If no auto-agglutination was observed in the FA buffer control, and a 2 to 4+ agglutination occurred in the drop containing the lectin, the test was considered positive for group C streptococci.
The identification of the beta-hemolytic streptococcal isolates by the non-serological methods examined in this investigation was compared with those obtained by the co-agglutination and precipitin methods as references.
Stability of 4-methylumbelliferyl-conjugated substrates and lectin. Whatman no. 1 filter papers containing the fluorogenic substrates in ringed areas were stored in covered petri dishes at 10°C. At weekly intervals, various strains of beta-hemolytic streptococci were employed to test the fluorogenic responses of the substrates maintained on the filter paper. The titer of a working solution of D. biflorus was determined once a week for 6 weeks with a standardized suspension of group C streptococci.
RESULTS
The three 4-methylumbelliferyl substrates for the detection of beta-D-galactosidase, N-acetylbeta-glucosaminidase, and beta-D-glucuronidase yielded results that were useful in the differentiation of each of the serogroups of beta-hemolytic streptococci associated with the throat cultures in this investigation. One half of the group A strains examined were positive for only Nacetyl-beta-D-glucosaminide activity, whereas 30% of group A isolates were positive for that enzyme, as well as for beta-D-glucuronide activity. A third group of group A streptococci were identified through their enzyme activity with Nacetyl-beta-D-glucosaminide and beta-D-galactoside (20%). None of the group A beta-hemolytic strains was agglutinated with the D. biflorus lectin.
All 40 strains of group B streptococci had enzyme activity for only beta-D-glucuronide and were not agglutinated with the lectin.
All three fluorogenic enzyme substrates were hydrolyzed by all 30 strains of group C streptococci. Furthermore, these group C streptococci were all agglutinated when mixed with the lectin of D. biflorus. This reaction was generally observed within 30 s of mixing the two reactants.
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All of the group F strains demonstrated reactivity for only the beta-D-galactoside substrate and were not agglutinated in the presence of the lectin.
Of 40 group G streptococci, 15 reacted with all three substrates, whereas 25 strains reacted only with beta-D-glucuronide and beta-D-galactoside. No agglutination of any of these organisms occurred with the lectin reagent. The reactions obtained with 180 strains of beta-hemolytic streptococci are shown in Table 1 .
No alteration was observed in the expected enzyme activity of beta-hemolytic streptococci representing serogroups A, B, C, F, and G when tested with the three substrates maintained on filter paper at 10°C during an observation period of 4 weeks. Furthermore, nonspecific fluorescence was not detected with any of these uninoculated fluorogenic substrates.
The fluorogenic intensity associated with the 4-methylumbelliferyl profiles of the beta-hemolytic streptococci was stronger when the bicarbonate solution was employed than when the NaOH reagent was used. DISCUSSION The serological grouping of streptococci is the preferred approach to the identification of streptococci (7) . However, the value of presumptive testing for various streptococcal groups has two advantages over confirmatory methods. The cost of the reagents for presumptive testing is generally less than that for confirmatory methods. Furthermore, presumptive methods are relatively less complex to perform (8) .
The bacitracin test is probably the most widely used test for the identification of group A streptococci (3). Numerous reports discuss the advantages and disadvantages of this test (3) .
When the test is performed in the correct manner (5), it is about 95% accurate in most situations (3). However, 2 to 7% of bacitracin testing may lead to false-negative reports (6) . This has been considered a potentially more serious problem than the 5 to 15% false-positive group A identifications arising from this test (13) . Recently, an L-pyrrolidonyl-beta-naphthylamide test was shown to be more specific than the bacitracin test for the identification of group A streptococci and appears to be equal in sensitivity to the bacitracin test (8) .
Group B streptococci may be adequately identified by either the sodium hippurate hydrolysis (3, (5) (6) (7) or CAMP tests (3, (5) (6) (7) .
Group D streptococci may be presumptively identified with bile-esculin agar (3, (5) (6) (7) and with 6.5% NaCl agar for differentiation between en-IDENTIFICATION OF STREPTOCOCCI 31 terococcal and non-enterococcal group D streptococci (3, (5) (6) (7) . The L-pyrrolidonyl-beta-naphthylamide test has also been shown to be applicable to the identification of group B nonenterococcal streptococci (8) .
Various schemes have been developed for the presumptive identification of group A, as well as groups B and D, streptococci (6) (7) (8) 10) . However, groups C, F, and G streptococci cannot be individually distinguished by these presumptive tests other than as beta-hemolytic streptococci, not groups A, B, or D (3). Previous investigators have shown that various lectins, including the albumen gland of the edible snail Helix pomatia (17) , the seeds of D. biflorus, (11, 17) , and the soybean (Wisteriafloribunda) (16) , yield a specific agglutination response for group C streptococci. Accordingly, the present investigation has confirmed the specific agglutination of group C streptococci with the D. biflorus lectin.
The application of 4-methylumbelliferyl-conjugated substrates to the rapid detection of bacterial enzymes was first explored in 1975 (14) . The enzymatic activity of these conjugates yields 4-methylumbelliferone, which produces a light blue fluorescence when examined with the long wavelength of a Wood lamp.
Various 4-methylumbelliferyl substrates have been used for the rapid detection of various enzymes from mycobacteria (9), mycoplasmas (2), yeasts (1) and recently Pseudomonas maltophilia (15) . These assays have been shown to be useful and rapid adjuncts to the identification of these microorganisms.
The application of the tests shown in Table 1 yielded patterns of reactivity that were consistent with the various serogroups of beta-hemolytic streptococci associated with throat cultures. The use of the D. biflorus lectin alone permitted the identification of group C streptococci and, when necessary, can be employed for the differentiation of those groups C and G strains that have similar methylumbelliferyl substrate activity. The entire procedure for the identification of primary cultures of beta-hemolytic streptococci associated with throat cultures requires approximately 25 min.
In contrast, the bacitracin (5), L-pyrrolidonylbeta-naphthylamide (8) , and CAMP (5) tests require an overnight incubation of pure cultures of beta-hemolytic streptococci before the interpretation of results or the addition of another reagent. The medium for the hippurate hydrolysis test is incubated 20 to 66 h before the addition of a reagent for the interpretation of this test (6) for group B streptococcal identification.
Group D streptococci were not encountered in any of the primary throat cultures in this investigation. Furthermore, group D streptococci are not usually associated with throat specimens, Recently, an automated, computerized bacteriological system was shown to yield accurate non-serological identifications of groups A and B streptococci (19) . The identification of groups C, F, and G streptococci, however, agreed with the serological identification at levels of 30, 11, and 70%, respectively. Furthermore, the time required for this automated identification ranged from 4 to 13 h.
In contrast, the present technique provides an identification protocol that has significant advantages over existing presumptive tests for the identification of beta-hemolytic streptococci. Accordingly, the application of the fluorogenic substrates and lectin employed in this investigation appears to afford the laboratory a rapid and specific means for the non-serological identification of beta-hemolytic streptococci from primary throat cultures. This non-serological method is unique in that it permits the accurate identification of groups C, F, and G streptococci, as well as that of groups A and B streptococci.
Except for the relatively moderate cost of a hand-held UV light unit, the tests utilized in this investigation are inexpensive to perform. Furthermore, the stock solutions are stable for at least 6 months, and the working substrates may be stored on a paper surface for at least a month at 10°C.
Previous investigations have shown that the fluorescent intensity of 4-methylumbelliferone can be increased with the addition of a buffer or alkali so as to yield a reaction site with a rather high pH value (14, 15) . In the present investigation, the addition of a bicarbonate solution to the reactants effectively increased the fluorescent response to a greater degree than did the addition of 0.1 N NaOH. Possibly, the bicarbonate is less destructive in regard to the fluorescent reaction than is the NaOH solution.
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